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Purpose: The present study aimed to examine the age and gender distributions among chronic cough patients referred to a tertiary cough clinic in
Korea, and to investigate clinical factors related to the demographic findings. Methods: Study participants were unselectively recruited from adult
chronic cough patients who attended the cough clinic for the first time during one year. To validate their representativeness, their age and gender
distributions were compared to the entire chronic cough population, or with those presenting with other chronic disease. Data from the baseline in-
vestigations were analyzed to identify clinical factors related to the demographic findings. Results: A total of 272 chronic cough patients were in-
cluded. They had a middle-aged female predominant feature (mean age: 52.8+15.7 years and female 69.1%). Their age and gender distributions
were almost identical to the entire chronic cough population, but were distinct from patients with hypertension. Among clinical factors, the older fe-
male predominance was associated with enhanced capsaicin cough sensitivity, and also with the presence of ‘cough by cold air" symptom. Allotus-
sia and laryngeal paresthesia were highly common in chronic cough patients, affecting 94.8% and 86.8% of them, respectively. Conclusions: The
present study demonstrated older female predominance among adult chronic cough patients attending a referral cough clinic in Korea. The demo-
graphic features were significantly associated with the capsaicin cough responses and also potentially with allotussia (particularly cold air as the
trigger). These findings suggest a role of cough reflex sensitization in the pathophysiology of chronic cough in adults.
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INTRODUCTION MATERIALS AND METHODS

Cough is a fundamental reflex defense mechanism and a com- Study participants

mon reason for patients to seek medical care. Chronic cough
(>8 weeks duration) is a major health issue that affects 9%-33%
of the population' and severely impairs quality of life.>

Female predominance in western populations has been ob-
served in chronic cough patients attending cough clinics.*'’ In
the literature, several factors are related to the predominance of
females such as a different likelihood of seeking medical atten-
tion,® objective cough frequency,’ and cough reflex sensitivity.>''°
A major proportion of chronic cough patients are middle-aged
or elderly females*>*"; however, there is still no clear explana-
tion on the demographic findings.

This study primarily examined the age and gender distribu-
tions of Korean adult chronic cough patients referred to a spe-
cialized clinic. In addition, we explored the clinical factors rele-
vant to the demographic findings.

© Copyright The Korean Academy of Asthma, Allergy and Clinical Immunology ® The Korean Academy of Pediatric Allergy and Respiratory Disease

We examined the age and gender distributions of adult patients
presented to a tertiary referral cough clinic with chronic cough
(>8 weeks duration) from April 2012 to March 2013. Study par-
ticipants were recruited randomly from chronic cough patients
who attended a clinic for the first time during the study period.
The criteria for the study were subjects aged =18 years old and
without evidence of active pulmonary infection or malignancy.
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All participants provided written informed consent. The study
protocol was approved by the institutional review board of Seoul
National University Hospital.

Electronic medical record searches for demographic
comparisons

An electronic medical record search was performed on out-
patient visit records under the search term of ‘chronic cough’ as
the primary diagnosis in order to validate study participants as
representative of the entire chronic cough population attending
a tertiary clinic. Age and gender parameters were retrieved from
adult patients with chronic cough for the first time during the
last 5 years (defined as Group A). Second, another search was
conducted for the entire population who presented hyperten-
sion during one month (defined as Group B) to compare with
other chronic diseases.

Clinical assessment

The clinical information analysis of study participants investi-
gated clinical factors associated with demographic characteris-
tics. Upon initial visit, they underwent investigation for differ-
ential diagnosis according to diagnostic protocols at the cough
clinic such as chest X-rays, PNS views, methacholine challenge
tests, induced sputum analyses, capsaicin cough sensitivity
tests, rhinoscopy, and structured questionnaires.

Methacholine challenge tests assessed airway hyper-respon-
siveness (AHR) with a modified protocol based on Chai et al."”
A methacholine challenge test was prepared with diluted saline:
0.5,1, 2,4, 8, and 16 mg/mL delivered as an aerosol by a Rosen-
thal-French dosimeter (Laboratory for Applied Immunology,
Baltimore, MD) and a nebulizer (DeVilbiss, Carlsbad, CA). Sub-
jects were instructed to inhale 5 inspiratory capacity breaths
while increasing the methacholine concentration from 0.5 to 16
mg/mL. A concentration of methacholine that caused a 20%
decrease in forced expiratory volume in 1 second (FEV1) from
the baseline was defined as PC20. AHR was defined positive if
PC20 <16 mg/mL."®

Induced sputum was analyzed according to European Respi-
ratory Society/American Thoracic Society working group report
protocols.” Sputum eosinophilia was defined as present if the
subject had sputum eosinophils =3%. A total of 180 subjects
completed induced sputum tests successfully (66.7%). No dif-
ferences were found in age or gender distributions for subjects
who underwent successful sputum induction and subjects that
did not (n=90).

A capsaicin cough challenge test measured cough reflex sen-
sitivity with a modified version® of methods suggested by Fu-
jimura et al.”® The subjects inhaled 0.5 to 64 UM of nebulized
capsaicin. The process proceeded in a sequential order at 1-min
intervals via a nebulizer attached to a breath-activated dosime-
ter delivering 8 pL. The number of induced coughs was count-
ed and recorded. The test ended when a maximum concentra-
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tion was reached. Capsaicin cough sensitivity was described as
the lowest capsaicin concentration (C5) to provoke 5 consecu-
tive coughs immediately after inhalation. C5 was arbitrarily de-
fined as 128 uM for statistical analyses, if it was not produced in
the test concentrations (<64 uM). The imputation approach
was adopted from methacholine challenge tests*; in addition,
the total number of capsaicin-induced coughs was counted.

The presence of underlying rhinitis/rhinosinusitis was as-
sessed by clinical history and supplemented by a PNS view or
rhinoscopy. Rhinitis/rhinosinusitis was considered present if
subjects had nasal symptoms (rhinorrhea and/or nasal ob-
struction) and/or positive radiologic or endoscopic findings
(either nasal polyp, moderate amount of mucopurulent dis-
charge, or more than moderate edema of the middle meatus).

Structured questionnaires included dichotomous yes/no
items on ‘allotussia’ (cough triggered by non-harmful stimuli)
and ‘laryngeal paresthesia’ Allotussia was defined by a positive
response to ‘cough by cold air’ or ‘cough by singing/talking’
asked by the question ‘cough triggered when you inhale cold
air’ or ‘cough triggered when you sing or talk; respectively. ‘La-
ryngeal paresthesia’ was defined by a positive response to ‘ab-
normal throat sensation or tickle when not exposed to a cough
trigger’®

Statistical analysis

Descriptive statistics are presented as categorical variable per-
centages, means * standard deviations (or medians) and inter-
quartile ranges for continuous variables. Chi-squared tests for
categorical variables and unpaired #-tests, Mann-Whitney tests,
or ANOVA for continuous variables assessed the group differ-
ences; in addition, a Spearman bivariate test analyzed the cor-
relation of the variables. Cough reflex sensitivity (C5) were com-
pared as log-transformed. Stata 12.0 software package (Stata
Corporation, College Station, TX, USA) performed the statisti-
cal analyses. All tests were 2-sided and P values were significant
at <0.05.

RESULTS

Age and gender distribution among chronic cough patients

We randomly recruited 273 chronic cough patients; subse-
quently, 272 subjects were included after the exclusion of one
patient with pulmonary tuberculosis. Table 1 describes the base-
line characteristics. The mean age was 52.8+15.7 years with a
female predominance (69.1%). The age of onset for chronic
cough was 49.2+ 16.2 years and disease duration before the ini-
tial visit was a 12 month median. Histograms in Fig. 1A and B
present age, age of onset, and gender distributions.

Age and gender distributions were compared with all chronic
cough patients over the last 5 years (Group A, n=1,732) to vali-
date representativeness. The study results indicated almost iden-
tical distributions in age and gender, compared with group A
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Table 1. Baseline characteristics of 272 chronic cough patients

Cough hypersensitivity in chronic cough

Female (n=188) Male (n=84) Pvalue
Age (yr) 54.0+150 504+17.1 0.086
Age group, % (n) 0.007
18-39 yr 18.1(34) 34.5(29)
40-64 yr 54.8(103) 38.1(32)
=65yr 27.1(51) 27.4(23)
Cough duration (months) Median 12 (IQR 2-60) Median 12 (IOR 3-60) 0.983
Age of onset (yr) 50.3£155 46.7£176 0.089
Referral type*, % (n) 0.746
Secondary referral 66.5(125) 69.1(58)
Tertiary referral 33.5(63) 30.9(26)
BMI (kg/m?) 234+32 241434 0.119
Smoking status, % (n) <0.001
Never smoker 92.0(173) 417 (35)
Former smoker 59(11) 48.8(41)
Current smoker 2.1(4) 95(8)
Female hormone replacement therapy, % (n) 11(2) 0(0)
Rhinitis/rhinosinusitis', % (n, total=270) 46.5(87) 49.4(41) 0.663
FEV1% predicted 104.2+16.8 96.3+16.1 <0.001
FVC% predicted 104.14+16.1 958+128 <0.001
FEV1/FVC ratio% 83.8+6.1 819+72 0.178
AHR*, % (n, total=270) 48(9) 96(8) 0.132
Sputum eosinophil% Median 3.0 (IR 1.3-6.7) Median 2.6 (IQR 0.8-10.7) 0.505
Sputum eosinophilia®, % (n, total=180) 51.2 (64/125) 47.3(26/55) 0.627
Log.Ch" Median 5 (IQR 3-7) Median 5 (IQR 4-7) 0.009
Total count of capsaicin-induced coughs Median 24 (IQR 16-33) Median 17 (IQR 11-23) <0.001
Cough by cold air', % (n) 81.2(151) 69.6 (55) 0.038
Cough by singing/talking**, % (n) 85.6(161) 77.4(65) 0.093
Allotussia", % (n) 96.8(182) 90.4(75) 0.027
Laryngeal paresthesia*, % (n) 87.8(165) 845(71) 0.466

Pvalues were determined by chi-squared tests, ttests, or Mann-Whitney tests.

*Referral type defined as ‘secondary referral’ (if from primary physicians) or ‘tertiary referral’ (if from other specialists in secondary or tertiary hospitals); 'Rhinitis/rhi-
nosinusitis defined as positive if the subject had definite nasal symptoms (rhinorrhea and/or nasal obstruction) or positive nasal endoscopic findings (nasal polyp,
mucopurulent discharge or edema in middle meatus); *AHR defined as positive if the subject had methacholine PC20 <16 mg/mL; *Sputum eosinophilia defined as
positive if the subject had induced sputum eosinophil =3%; "C5 was defined by the lowest capsaicin concentration to provoke 5 consecutive coughs within one
minute after inhalation; "Cough by cold air defined as positive if the subject answered yes to the questionnaire item ‘cough triggered when you inhale cold air’;
**Cough by singing/talking defined as positive if the subject answered yes to the questionnaire item ‘cough triggered when you talk or sing’. ""Allotussia defined as
positive if ‘cough by cold air’ or ‘cough by singing/talking was positive; **Laryngeal paresthesia defined as positive if the subject answered yes to the questionnaire

item “abnormal throat sensation or tickle when not exposed to a cough trigger'.

BMI, body mass index; IQR, interquartile range; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; AHR, airway hyper-responsiveness.

(age: 52.8+15.7 vs 51.8+16.2 years, P=0.670; and female: 69.3%
vs 67.6%, P=0.573; Supplementary Figure E1A). In addition,
study participants were compared to adult patients with hyper-
tension (Group B, n=1,871) and indicated significant differenc-
es in age (52.8+15.7 vs 65.1 £11.7 years, P<0.001) and gender
(female: 69.3% vs 47.7%, P<0.001; Supplementary Figure E1B).

Clinical factors associated with demographic findings
Females were more prevalent than males with a ratio of 2:1

Allergy Asthma Immunol Res. 2014 September;6(5):401-409. http:/dx.doi.org/10.4168/aair.2014.6.5.401

and the female predominance was evident after 40 years of age.
We analyzed the association of clinical factors and demograph-
ic findings of 270 patients; excluded from the analysis were 2
patients (1 female and 1 male) that did not undergo a diagnos-
tic investigation for their presumptive causes of cough (taking
angiotensin converting enzyme inhibitors). No significant gen-
der differences were indicated by cough duration, type of refer-
ral, BMI, rhinitis/rhinosinusitis, FEV1/FVC ratio, methacholine
AHR and sputum eosinophilia. However, female cough patients
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Fig. 1. Histograms of age (A) and age of onset (B) distribution based on gender for study participants who presented chronic cough on the initial visit (n=272).

Table 2. Age and gender differences for the clinical parameters of 270 chronic
cough patients

Female (n=187) Male (n=83) Pvalue

Rhinitis/rhinosinusitis*, % (n)

18-39 yr 50.0(17) 44.8(13) 0.682

40-64 yr 46.1 (47) 53.1(17) 0.486

=65yr 45.1(23) 50.0(11) 0.700
AHR¥, % (n)

18-39 yr 29(1) 6.9(2) 0.462

40-64 yr 39(4) 94(3) 0.226

=65 yr 7.8(4) 136 (3) 0.440
Sputum eosinophilia®, % (n), total n=180

18-39 yr 375(9) 30.8(4) 0.682

40-64 yr 53.9(35) 48.0(12) 0619

>65yr 55.6 (20) 58.8(10) 0.823
Cough by cold air*, % (n)

18-39 yr 82.4(28) 79.3(23) 0.759

40-64 yr 79.2(80) 67.9(19) 0.208

>65yr 84.3(43) 59.1(13) 0.019
Cough by singing/talking™, % (n)

18-39 yr 88.2(30) 82.8(24) 0.536

40-64 yr 88.4(91) 75.0(24) 0.063

=65yr 78.4(40) 739(17) 0.669
Allotussia®, % (n)

18-39yr 97.1(33) 93.1(27) 0.462

40-64 yr 97.1(100) 90.3(28) 0.110

=65 yr 96.1 (49) 87.0(20) 0.148
Laryngeal paresthesia®, % (n)

18-39 yr 94.1(32) 86.1(25) 0.286

40-64 yr 88.4(91) 84.4(27) 0.554

=65 yr 82.4(42) 826(19) 0.979

Pvalues were determined by chi-squared test or one-way ANOVA test.
*See Table 1 for definitions.
AHR, airway hyper-responsiveness.
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had a significantly higher capsaicin cough sensitivity (lower
log-C5 and higher total count of induced coughs) than males.
Table 1 shows that female responses to the questionnaire item
‘cough by cold air’ or allotussia were significant.

Female predominance was more prominent after 40 years of
age, and the subjects were arbitrarily categorized into 3 age
groups (younger adult group 18-39 years, middle-aged group
40-64 years and elderly group =65 years) for subsequent analy-
ses (Table 2). Subsequently, the rates of rhinitis/rhinosinusitis,
AHR and sputum eosinophilia did not differ between gender
for any age group. Among the clinical features of cough, ‘cough
by cold air’ was more frequent in females than males for the el-
derly subgroup. ‘Cough by singing/talking’ was slightly more
frequent in females than males for the middle-aged group.
However, ‘allotussia’ or ‘laryngeal paresthesia’ was highly prev-
alent and affected 94.8% or 86.8% of chronic cough patients, re-
spectively. The prevalence was similarly frequent (>80%) in ev-
ery age/gender subgroup.

Capsaicin log.C5 was significantly lower in females than males
(particularly in the elderly subgroup) and indicated a higher
prevalence of capsaicin cough sensitivity for elderly females
(Fig. 2). The total challenge test counts of capsaicin-induced
coughs were significantly higher for females aged =40 years
(Fig. 3). The capsaicin C5 (or total counts of induced cough) did
not significantly relate to factors such as BMI, smoking status,
presence of AHR, sputum eosinophilia, rhinitis/rhinosinusitis,
‘cough by singing/talking’ and laryngeal paresthesia. However,
‘cough by cold air’ was significantly associated with total counts
of capsaicin-induced cough (years: median 22, IQR 15-32; vs no:
median 18, IQR 11-28; P=0.008), and marginally with logC5
(years: median 5, IQR 4-7; vs no: median 6, IQR 4-7; P=0.073).

DISCUSSION
This study reports a middle-aged female predominance of

adult chronic cough patients presented to a tertiary referral
cough clinic in Korea. We found that capsaicin cough sensitivi-
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Fig. 2. Box-and-whisker plots for capsaicin cough reflex sensitivity (C5) assessed
in 270 chronic cough patients. Plots presented according to age groups. The box
indicates the lower and upper quartile; central line, median value; and points at
the end of the whiskers, upper extreme values. P values were determined by a
Mann-Whitney test for a difference by gender.

ty was significantly related to the demographic features. In ad-
dition, allotussia or ‘cough by cold air’ was more frequent in
older female patients.

The findings on age and gender distributions are consistent
with previous results from European and American cough clin-
ics."” Epidemiologic data on community populations that en-
compass diverse age groups are limited; however, a recent
Swedish community population survey supports the conclu-
sions of cough clinics (subjects with cough; mean age 55.2
years and female 63.2%).> The findings on age and gender dis-
tributions warrant further confirmation but the consistency in
demographics has resulted in speculation by researchers on
the presence of an intrinsic pathophysiology for chronic cough.

We found that female cough patients had a higher capsaicin
cough sensitivity (in both of C5 and total counts of induced
cough). The gender association for females and capsaicin re-
sponse is a well-known finding in adults.>"'""* Mechanistically,
estrogen hormone is suggested as a link** as it experimentally
enhances the capsaicin sensing cough receptor, transient re-
ceptor potential vanilloid 1 (TRPV1).%* Capsaicin cough sensi-
tivity is proven to be up-regulated among females after puber-
ty.”” However, estrogen hypothesis could not explain the find-
ings that chronic cough is prevalent among post-menopausal
females. A large proportion of chronic idiopathic cough® or
ACE inhibitor cough® were post-menopausal females.

Cough is a defensive reflex to clear harmful inhalational parti-
cles or prevent aspiration. The cough reflex is believed to be
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Fig. 3. Box-and-whisker plots for total counts of capsaicin-induced coughs dur-
ing the challenge. Plots presented according to age groups. Box indicates the
lower and upper quartile; central line, median value; and points at the end of
the whiskers, upper extreme values. P values were determined by a Mann-
Whitney test for a difference by gender.

particularly developed in humans to prevent aspiration due to
the evolutionary downward transition of the larynx to the esoph-
ageal opening for speech acquisition.* It is speculated that
pregnancy between the ages of 30 and 40 may promote the de-
velopment of a cough reflex to prevent reflux and aspiration.”

The clinical relevance of enhanced capsaicin sensitivity is be-
lieved to be as follows. Airway TRPV1 is a channel predomi-
nantly located in the sensory nerves that can be activated by di-
rect agonists such as heat, acid or capsaicin®; however, it is also
activated and sensitized by indirect agonists such as endoge-
nous bradykinins or prostaglandins.* Local persistent inflam-
mation (i.e., allergic airway inflammation) may result in the hy-
persensitization of TRPV1 receptors by an endogenous agonist
release®; subsequently, any tussigen inhalation may cause an
enhanced cough response (hypertussia) if the TRPV1 receptor
is sensitized.”

With regards to capsaicin hypersensitivity, Japanese research-
ers have proposed a diagnostic term of ‘atopic cough’ for a sub-
group of atopy patients and enhanced capsaicin cough sensi-
tivity.™ It is uncertain if higher capsaicin sensitivity indicates the
presence of ‘atopic cough’® in our study participants or rather
represents an overall phenomenon of enhanced cough sensi-
tivity for older females. Current literature is unclear on the pres-
ence of ‘atopic cough’®’

Besides TRPV], there are more sensory cough receptors func-
tioning in the airways® and the role of the transient receptor
potential ankyrin 1 (TRPA1) channel has been highlighted in

http://e-aairorg 405



Song etal.

the pathogenesis of chronic cough.*** TRPA1 senses a variety
of stimuli such as cold temperature, smoke, or irritants. In addi-
tion, nasal transient receptor potential menthol 8 channel is
another recent finding on cough reflex modulation.***! Cough
is a consequence of the interaction of various sensory afferent
inputs known as ‘cough plasticity’*® Chronic cough is explained
as a single disease entity with an intrinsic pathophysiology known
as ‘cough hypersensitivity syndrome**>* It is a conceptual en-
tity; however, the global consistency in demographic features
(Alyn Morice et al. in submission) suggests the presence of an
intrinsic pathophysiological mechanism. The findings on the
significant correlation of capsaicin responses and demographic
distributions suggested cough sensitivity for the pathogenesis
of chronic cough. However, advances in cough reflex measur-
ing methodology should further characterize the disease entity
in regards to types of relevant sensory receptors.

The study questionnaire indicated that allotussia and larynge-
al paresthesia were highly prevalent in chronic cough patients
(more than 80%) and that allotussia was frequent in middle-
aged or elderly female cough patients. The findings need care-
ful interpretation as they were subjectively assessed by the pres-
ence of symptoms despite the prior utilization of definitions.***
However, the findings are of interest because sensory percep-
tion measurement outcomes could be considered as equally
important to motor consequence (cough frequency) in cough
research.” The clinical relevance still needs further validation
and some researchers suggest that capsaicin cough response
(hypertussia) indicates a peripheral sensitization; however, al-
lotussia or laryngeal paresthesia also reflects the central sensiti-
zation in the cough reflex.”*** The findings on the high frequen-
cy of laryngeal paresthesia (86.8%) are in accordance to previ-
ous findings on refractory cough patients (94%)* and suggest a
potential role for central sensitization in chronic cough. The
positive association between capsaicin cough responses and
‘cough by cold air’ can be explained by prior experimental find-
ings that TRPA1 and TRPV1 are mostly co-expressed in sensory
neurons.”

The present study has several limitations. It was a cross-sec-
tional observational design and could not address causal rela-
tionships. The clinical relevance of enhanced capsaicin sensi-
tivity among cough patients warrants longitudinal follow-up
studies; in addition, it was conducted at a tertiary referral cough
clinic and the external validity could be questioned. The lack of
detailed information on socioeconomic factors is a limitation to
the demographic findings.

Capsaicin sensitivity has a wide variability with overlaps be-
tween cough patients and healthy controls;* subsequently, it
may not have a discriminative power. However, a capsaicin test
remains a valid tool for group level comparisons if the sample
size is sufficient.>''">*"* Prior studies focused on relatively
younger adult populations and none indicated a gender differ-

ence in the elderly”"*'’; subsequently, the present study is

406  http://e-aair.org
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unique as we report on enhanced older female cough sensitivi-
ty. Studies by Kastelik ef al."' compared capsaicin cough sensi-
tivity between pre-menopausal (<55 years, n=23) and post-
menopausal women (=55 years, n=37); however, their study
had a small sample size and did not separately analyze the el-
derly group (=665 years). Fujimura et al. reported a slightly high-
er capsaicin cough sensitivity in the post-menopausal than in
the pre-menopausal healthy women (mean age: 50+ 7 years,
total n=40); however, they did not include a sufficient elderly
population.”

The validity of additional outcomes on the total number of in-
duced coughs during capsaicin inhalation could be question-
able. At present, the clinical value of C5 is now being challenged;
subsequently, some researchers have tried modified outcomes
in capsaicin cough testing such as ‘total number of coughs after
inhalation of specific concentration or ‘maximum cough re-
sponse at specific concentration’”® We exploratively measured
the total count of induced coughs during inhalation as an addi-
tional outcome of the present study. We agree that further stud-
ies require additional validation. However, we believe that the
definition has strength over C5 because it has no upper limit val-
ue (128 pM in the present study) and has less overlap between
patient and control.

In conclusion, chronic cough patients referred to a cough
clinic demonstrated a predominance of older females. Demo-
graphic features were significantly associated with an enhanced
capsaicin cough response. Allotussia or ‘cough induced by cold
air’ was also more frequent in female patients. Laryngeal pares-
thesia or allotussia was common and affected more than 80%-
90% of chronic cough patients; subsequently, we suggest a role
of cough reflex hypersensitivity in the pathophysiology of chron-
ic cough in adults.
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Supplementary Figure E1. Age and gender distribution in (A) the entire chronic cough adult population for the last 5 years (n=1,732) and (B) the entire hypertension
adult patient population for 1 month (n=1,871).
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